

































6= = //03==3'1= *= 2=%
=9= C= *= 0 =*VPI 





























  *+,-.)/  0	
	
123 &%123  	



































































































































































































































































































































































































































































































































































^==>FLIPFas-associated death domain-like 






























































































































1.  Frohman EM, Racke MK, Raine CS. Multiple 
sclerosis--the plaque and its pathogenesis. N 
Engl J Med 2006; 354(9): 942-55 
2. Compston A, Coles A. Multiple sclerosis. 
Lancet 2008; 372(9648): 1502-17 
3. Kurtzke JF. Epidemiologic contributions to 
multiple sclerosis: an overview. Neurology 
1980; 30(7 Pt 2): 61-79 
4. Poser CM. The epidemiology of multiple 
sclerosis: a general overview. Ann Neurol 
1994; 36(Suppl 2): S180-S193 
5. Etemadifar M, Maghzi AH, Hoseinzadeh A. 
Comparing side effects of cinnovex with 
avonex in relapsing remitting multiple 
sclerosis patients. J Isfahan Med Sch 2009; 
27(93): 93-100 
6. Miller E. Multiple sclerosis. Adv Exp Med 
Biol 2012; 724: 222-38 
7. Noseworthy JH, Lucchinetti C, Rodriguez M, 
Weinshenker BG. Multiple sclerosis. N Engl 
J Med 2000; 343(13): 938-52 
8. Hemmer B, Archelos JJ, Hartung HP. New 
concepts in the immunopathogenesis of 
multiple sclerosis. Nat Rev Neurosci 2002; 
3(4): 291-301 
9. Korn T. Pathophysiology of multiple 
sclerosis. J Neurol 2008; 522(Suppl 6): 2-6 
10. Minagar A, Jy W, Jimenez JJ, Alexander JS. 
Multiple sclerosis as a vascular disease. 
Neurol Res 2006; 28(3): 230-5 
11. Ramagopalan SV, Dobson R, Meier UC, 
Giovannoni G. Multiple sclerosis: risk 
factors, prodromes, and potential causal 
pathways. Lancet Neurol 2010; 9(7): 727-39 
12. Alexander JS, Zivadinov R, Maghzi AH, 
Ganta VC, Harris MK, Minagar A. Multiple 
sclerosis and cerebral endothelial dysfunction: 
Mechanisms. Pathophysiology 2011; 18(1): 
3-12 
13. Friese MA, Fugger L. Pathogenic CD8(+) T 
cells in multiple sclerosis. Ann Neurol 2009; 
66(2): 132-41 
14. Sospedra M, Martin R. Immunology of 
multiple sclerosis. Annu Rev Immunol 2005; 
23: 683-747 
15. Love S. Demyelinating diseases. J Clin 
Pathol 2006; 59(11): 1151-9. 
16. Haghjooy JS, Saadatnia MM, Homayouni V, 
V, Nikoogoftar MM, Maghzi AH, Etemadifar 
M, et al. Interferon-beta-1b protects against 
multiple sclerosis-induced endothelial cells 
apoptosis. Front Biosci (Elite Ed) 2012; 4: 
1368-74 
17. McQuaid S, Cunnea P, McMahon J, 
Fitzgerald U. The effects of blood-brain 
barrier disruption on glial cell function in 
multiple sclerosis. Biochem Soc Trans 2009; 
37(Pt 1): 329-31 
18. Minagar A, Ostanin D, Long AC, Jennings 
M, Kelley RE, Sasaki M, et al Serum from 
patients with multiple sclerosis downregulates 
occludin and VE-cadherin expression in 
cultured endothelial cells. Mult Scler 2003; 
9(3): 235-8 
19. Jimenez J, Jy W, Mauro LM, Horstman LL, 
Ahn ER, Ahn YS, et al. Elevated endothelial 
microparticle-monocyte complexes induced 
by multiple sclerosis plasma and the 
inhibitory effects of interferon-beta 1b on 
release of endothelial microparticles, 
formation and transendothelial migration of 
monocyte-endothelial microparticle 
complexes. Mult Scler 2005; 11(3): 310-5. 
20. Jy W, Minagar A, Jimenez JJ, Sheremata 
WA, Mauro LM, Horstman LL, et al. 
Endothelial microparticles (EMP) bind and 
!"#$!%"&'%()*+!,,, -./00
 E
activate monocytes: elevated EMP-monocyte 
conjugates in multiple sclerosis. Front Biosci 
2004; 9: 3137-44 
21. Minagar A, Jy W, Jimenez JJ, Sheremata 
WA, Mauro LM, Mao WW, et al. Elevated 
plasma endothelial microparticles in multiple 
sclerosis. Neurology 2001; 56(10): 1319-24 
22. Sheremata WA, Jy W, Delgado S, Minagar 
A, McLarty J, Ahn Y. Interferon-beta1a 
reduces plasma CD31+ endothelial 
microparticles (CD31+EMP) in multiple 
sclerosis. J Neuroinflammation 2006; 3: 23 
23. Osborne BA, Schwartz LM. Essential genes 
that regulate apoptosis. Trends Cell Biol 
1994; 4(11): 394-9 
24. Nagata S. Apoptosis by death factor. Cell 
1997; 88(3): 355-65 
25. Kroemer G, Petit P, Zamzami N, Vayssiere 
JL, Mignotte B. The biochemistry of 
programmed cell death. FASEB J 1995; 
9(13): 1277-87 
26. Stuve O, Dooley NP, Uhm JH, Antel JP, 
Francis GS, Williams G, et al. Interferon beta-
1b decreases the migration of T lymphocytes 
in vitro: effects on matrix metalloproteinase-
9. Ann Neurol 1996; 40(6): 853-63. 
27. Leppert D, Waubant E, Burk MR, Oksenberg 
JR, Hauser SL. Interferon beta-1b inhibits 
gelatinase secretion and in vitro migration of 
human T cells: a possible mechanism for 
treatment efficacy in multiple sclerosis. Ann 
Neurol 1996; 40(6): 846-52. 
28. Stone LA, Frank JA, Albert PS, Bash C, 
Smith ME, Maloni H, et al. The effect of 
interferon-beta on blood-brain barrier 
disruptions demonstrated by contrast-
enhanced magnetic resonance imaging in 
relapsing-remitting multiple sclerosis. Ann 
Neurol 1995; 37(5): 611-9 
29. Kraus J, Ling AK, Hamm S, Voigt K, 
Oschmann P, Engelhardt B. Interferon-beta 
stabilizes barrier characteristics of brain 
endothelial cells in vitro. Ann Neurol 2004; 
56(2): 192-205 
30. Graber J, Zhan M, Ford D, Kursch F, Francis 
G, Bever C, et al. Interferon-beta-1a induces 
increases in vascular cell adhesion molecule: 
implications for its mode of action in multiple 
sclerosis. J Neuroimmunol 2005; 161(1-2): 
169-76 
31. Calabresi PA, Tranquill LR, Dambrosia JM, 
Stone LA, Maloni H, Bash CN, et al. 
Increases in soluble VCAM-1 correlate with a 
decrease in MRI lesions in multiple sclerosis 
treated with interferon beta-1b. Ann Neurol 
1997; 41(5): 669-74 
32. Clanet M, Radue EW, Kappos L, Hartung 
HP, Hohlfeld R, Sandberg-Wollheim M, et 
al. A randomized, double-blind, dose-
comparison study of weekly interferon beta-
1a in relapsing MS. Neurology 2002; 59(10): 
1507-17 
33. Yong VW, Chabot S, Stuve O, Williams G. 
Interferon beta in the treatment of multiple 
sclerosis: mechanisms of action. Neurology 
1998; 51(3): 682-9 
34. Noronha A, Toscas A, Jensen MA. Interferon 
beta decreases T cell activation and interferon 
gamma production in multiple sclerosis. J 
Neuroimmunol 1993; 46(1-2): 145-53 
35. Reder AT, Velichko S, Yamaguchi KD, 
Hamamcioglu K, Ku K, Beekman J, et al. 
IFN-beta1b induces transient and variable 
gene expression in relapsing-remitting 
multiple sclerosis patients independent of 
neutralizing antibodies or changes in IFN 
receptor RNA expression. J Interferon 




36. Clanet M, Kappos L, Hartung HP, Hohlfeld 
R. Interferon beta-1a in relapsing multiple 
sclerosis: four-year extension of the European 
IFNbeta-1a Dose-Comparison Study. Mult 
Scler 2004; 10(2): 139-44 
37. Owczarek CM, Hwang SY, Holland KA, 
Gulluyan LM, Tavaria M, Weaver B, et al. 
Cloning and characterization of soluble and 
transmembrane isoforms of a novel 
component of the murine type I interferon 
receptor, IFNAR 2. J Biol Chem 1997; 
272(38): 23865-70 
38. Kiessling LL, Gordon EJ. Transforming the 
cell surface through proteolysis. Chem Biol 
1998; 5(3): R49-R62 
39. Oliver B, Mayorga C Fernandez V, Leyva L, 
Leon A, Luque G, et al. Interferon receptor 
expression in multiple sclerosis patients. J 
Neuroimmunol 2007; 183(1-2): 225-31 
40. Gilli F, Valentino P, Caldano M, Granieri L, 
Capobianco M, Malucchi S, et al. Expression 
and regulation of IFNalpha/beta receptor in 
IFNbeta-treated patients with multiple 
sclerosis. Neurology 2008; 71(24): 1940-7 
41. Sandberg-Wollheim M, Bever C, Carter J, 
Farkkila M, Hurwitz B, Lapierre Y, et al. 
Comparative tolerance of IFN beta-1a 
regimens in patients with relapsing multiple 
sclerosis. The EVIDENCE study. J Neurol 
2005; 252(1): 8-13 
42. Karussis D, Biermann LD, Bohlega S, Boiko 
A, Chofflon M, Fazekas F, et al. A 
recommended treatment algorithm in 
relapsing multiple sclerosis: report of an 
international consensus meeting. Eur J 
Neurol 2006; 13(1): 61-71 
43. Dimmeler S, Haendeler J, Nehls M, Zeiher 
AM. Suppression of apoptosis by nitric oxide 
via inhibition of interleukin-1beta-converting 
enzyme (ICE)-like and cysteine protease 
protein (CPP)-32-like proteases. J Exp Med 
1997; 185(4): 601-7 
44. Kang-Decker N, Cao S, Chatterjee S, Yao J, 
Egan LJ, Semela D, et al. Nitric oxide 
promotes endothelial cell survival signaling 
through S-nitrosylation and activation of 
dynamin-2. J Cell Sci 2007; 120(Pt 3): 492-
501 
45. Erusalimsky JD, Moncada S. Nitric oxide and 
mitochondrial signaling: from physiology to 
pathophysiology. Arterioscler Thromb Vasc 
Biol 2007; 27(12): 2524-31 
46. Kluck RM, Bossy-Wetzel E, Green DR, 
Newmeyer DD. The release of cytochrome c 
from mitochondria: a primary site for Bcl-2 



























1. Associate  Professor, Physiology Dep., School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
2. Physiology Research Center, Isfahan University of Medical Sciences, Isfahan, Iran 
3. Master of Physiology, Physiology Research Center, Isfahan University of Medical Sciences, Isfahan 
4. Associate Professor, Department of Neurology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran
5. Student of Medicine, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
6. Master of Immunology, Isfahan University of Medical Sciences, Isfahan, Iran 
7. Professor, Department of Neurology, Louisiana State University Health Sciences Center, Shreveport, LA, USA









Background & Aims: Multiple sclerosis (MS) is one of the chronic autoimmune diseases of the central 
nervous system with unknown etiology. The present study aimed to investigate the apoptosis and nitric oxide 
(NO) production of endothelial cells treated with serum of patients with MS and response to interferon beta 
(IFN-	) therapy.
Methods: Human umbilical vein endothelial cells were treated with sera from patients with active MS (in 
relapse), MS in remission, or sera from healthy volunteers (each n = 10). Nitric oxide (NO) levels were 
determined in culture supernatants by Greiss method and endothelial cell apoptosis was assessed by annexin 
V-propidium iodide staining. Effects of IFN-beta-1b on endothelial cell apoptosis and NO production were 
tested at increasing doses (10, 100, and 1000 U/ml).
Results: Compared with healthy people, only apoptosis of endothelial cells treated with serum of patients 
with relapsing phase increased, P<0.01; while there was no significant difference between apoptosis of 
endothelial cells treated with serum of patients in remission phase and healthy controls. Apoptosis of 
endothelial cells treated with sera of patients in relapse was decreased by IFN-beta-1b at 10 U/ml, P<0.05. 
The same dose also led to a significant increase in nitric oxide production.
Conclusion: The results suggest that endothelial cells injury and apoptosis may play a role in MS etiology 
and represents a potential therapeutic mechanism of action for IFN-beta-1b in MS therapy. 
Keywords: Multiple sclerosis, Interferon beta-1b (IFN-beta-1b), Endothelial cell apoptosis, Nitric oxide 
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